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Everyone has turning points in their
careers, where an idea or a research
finding starts them off on a train of
thought which they might never
have even contemplated before.
Often such diversions will lead up
blind alleys, but once in a while they
can significantly change the way we
approach a scientific problem, and
the direction of a career.
My particular conversion on the
Damascus Road occurred in the
library of the Physiology Department
in Cambridge. I had done my PhD at
the Experimental Psychology
Department, looking at primate
colour vision. This involved
matching the data from behavioural
experiments to the results of the
microspectrophometry of the rod and
cone pigments from marmoset eyes.
Afterwards, I had taken a short-term
post in the same department,
working on animal models of
dementia, while I considered what I
wanted to do next.
I was chasing down a reference in
Experimental Brain Research — a
journal that my department did not
take — when I came across a paper
by Perrett, Rolls and Caan [1] that
addressed the question of whether
the recognition of faces could be
localized to specific neurons. The
paper has been a little neglected, but
in its own way is a bit of a gem, and
it had a profound effect on my
career.
That there were cells in the
primate temporal visual cortex which
were responsive to complex
biological stimuli had been reported
as far back as 1972 by Charlie Gross.
Gross’s finding was leapt upon as
strong supporting evidence for a
hypothesis somewhat derisively
known as the Grandmother Cell
theory, which postulated a processing
pyramid that began with line and
edge detectors in the primary visual
cortex and continued with detectors
of increasing complexity, until a unit
was reached that represented one
specific visual stimulus, such as your
grandmother.
But this theory does not hold up
to considered thought. For example,
the number of potential stimuli far
exceeds the number of cells available
to encode them on a one-to-one basis,
and it would be necessary to maintain
a vast pool of uncommitted cells to
represent potential new stimuli. The
collapse of the Grandmother Cell
theory was also nearly fatal for interest
in face-selective neurons. By the early
1980s, such findings were regarded as
artefacts, and not worthy of further
research.
The Perrett et al. paper details a
carefully considered approach to try to
determine the response properties of
face-selective neurons and their
possible function. They recorded
from cells in the cortex of the superior
temporal sulcus from awake, behaving
macaque monkeys. First, they
showed that the neurons were not
merely displaying general reactions to
auditory or tactile stimuli, or to the
sight of arousing or aversive stimuli.
Then, by using a wide selection of
visual stimuli, including gratings,
geometrical patterns and complex
three-dimensional objects, they
showed that the neurons do seem to
respond preferentially to faces. The
responses of these neurons to faces
also showed a degree of perceptual
constancy, that is, you could change
the size, colour and so on of the face
and still get a strong response from
the neuron, although most of the
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The editors of Current Biology have
invited a number of biologists to reveal
the papers that have influenced them
most profoundly in their careers. These
brief essays are being published in the
Turning points series.
As readers will know, and especially
those readers who start from the
last page, Sydney Brenner has been
writing his wonderful Loose Ends
column in Current Biology for the
past four years. As they are well
worth reading again and again, we
have just published a collection of
his columns, with illustrations, as a
book. The extract that follows is
from the author’s preface:
If you have got as far as this loose
beginning, I hope you will allow
me to welcome you and to thank
you for purchasing or stealing this
little book. May I urge you to look
at the rest of it, because although
its subject is science and the
scientific life, you will not find too
much that will be heavy going.
Although science is a very serious
activity and doing it an exacting
task, I take as my subject the
more bizarre and ludicrous aspects
of biology and its practitioners.
You may even learn something
about the subject, but it will be a
side effect and painless. If you
find ideas and theories that are
illuminating please accept the
illumination but suspect the
content because most of it is
invented. It is clear when my
characters refer to real people but
most of the time they have been
concocted. If you think you have
detected resemblances to other
people or institutions, that is your
problem. 
The book is available now at £12.50
or $20. Orders, with cheque or
credit card information, should be
sent to Simon Hartley at Current
Biology, Middlesex House, 34–42
Cleveland St, London W1P 6LB,
UK. (Fax number (0)171 580 8248.)
neurons were responsive to the angle
at which the face was presented.
The authors further
experimented with masking or
showing parts of the face, and with
jumbling up facial features within the
face, and found that a subset of face-
selective neurons responded
preferentially to whole, unjumbled
faces. Their results suggested that
face-selective neurons were
preferentially responsive to faces and
were not an artefact of experimental
conditions. Individual neurons did
not respond to a specific face, but to
a subset of the faces shown. Although
this meant that an individual neuron
could not easily signal the identity of
a particular face, it would be possible
for a population of face-selective
neurons to produce a pattern of
responses which would be unique to
an individual face. This solution
would avoid the pitfalls of the
Grandmother Cell theory.
What struck me about the paper,
and the technique used, was that it
really got to the root of the problem.
One did not have to try to infer how
the neurons in the cortex were
functioning in a given behavioural
paradigm, or how they responded to a
pharmacological intervention, one
could directly measure what the
neurons were doing in a given
situation. Moreover, the face-selective
cells were comparatively common in
the temporal visual cortex and
seemed to provide a good example of
neurons encoding complex visual
information. I wrote to Edmund Rolls
at the Experimental Psychology
Department in Oxford to ask if there
were any post-doc positions coming
up in his lab.
I heard nothing for several
months and then, out of the blue, he
phoned to say he was giving a talk in
Cambridge and, if I liked, we could
meet. We met on a Friday and he
offered me a post to start on the
following Monday. This was
fortuitous, as the money for my post
in Cambridge had run out that day. I
accepted his offer and spent the next
three years using micro-electrode
recording to examine the responses
of face-selective neurons.
The Perrett et al. paper was a
harbinger of things to come. Work on
primate face-selective cells has
burgeoned in the past few years. The
analysis of neuronal spike trains from
anaesthetised monkeys has helped
explain how populations of neurons
might encode complex stimuli, and
optical imaging in conjunction with
electrophysiology has shown a
columnar organization of face-
selective neurons, perhaps similar to
the organization of other visual areas
such as V5 or V1. Experiments on
awake animals have produced insights
into how socially important
information (such as direction of gaze)
and biological motion are represented
and integrated. My own work has
focused on how individual neurons
encode visual information and more
specifically on how fast information is
processed at each synapse.
I have now moved from Oxford to
set up an electrophysiology lab, but I
have continued to collaborate with
Edmund Rolls on face-selective
neurons. I wonder if I would ever
have made the move from
behavioural testing to
electrophysiology, if I had not
stumbled across such an elegant and
direct means addressing the neural
basis of perception and cognition.
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PAS: a multifunctional
domain family comes
to light
Chris P. Ponting* and 
L. Aravind†
Light regulates gene expression by
resetting molecular oscillators
(‘clocks’) that are associated with
circadian rhythmicity [1]. The mouse
Clock gene product contains an
amino-terminal putative basic
helix–loop–helix DNA-binding
domain followed by a large region
(termed the Per, ARNT, Sim or PAS
domain) that contains two imperfect
repeats [2,3]; here, we shall apply the
term PAS to a single repeat unit.
PAS-domain-containing proteins
represent an evolutionarily related
family, members of which regulate
circadian rhythmicity in diverse
organisms [4,5]. Here, we report that
PAS domains are present in several
hundred proteins, including dozens
of histidine kinase homologues and
also ether-à-go-go-like K+ channels
(Table 1). We also reveal that similar
40–45 amino acid regions (herein
referred to as PAC motifs) found
carboxy-terminal to several PAS
sequences are likely to contribute to
the PAS structural domain (Figure 1).
Analyses of eubacterial genomes
showed that PAS/PAC homologues
are present in Escherichia coli,
Haemophilus influenzae, Synechocystis
sp. PCC6803, Mycobacterium
tuberculosis and Bacillus subtilis, but
not in Mycoplasma genitalium,
Mycoplasma pneumoniae or Helicobacter
pylori. The Synechocystis genome
encodes the largest number — 61 —
of PAS/PAC domains, perhaps
reflecting a necessity for this
photosynthetic bacterium to co-
ordinate photoreception with cellular
functions. As with eubacterial
genomes, PAS/PAC sequences in
archaeal genomes are either
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